INTRODUCTION
Most text-book accounts of the physiology of the male genital tract devote much space to the actions of the androgens and to hormonal influences on 377 spermatogenesis. They have little to say on contractile or vascular mechanisms in the testis or epididymis, though both may be of some consequence to sperm production and fertility. A number of recent studies have drawn attention to the special importance of testicular blood supply. The experiments of Harrison (1949) and others leave no doubt that interference with the circulation to the testicle can gravely impair sperm production, and some authors (Moore, 1924; Harrison, 1956) suggest that the damaging effects of cryptorchidism and scrotal warming on fertility may be of vascular origin. Dahl & Herrick (1959) have investigated the thermal exchange properties of the counter-current mechanism formed by the internal spermatic artery and the veins of the pampiniform plexus in the dog; while Waites & Moule (1960) (Cross & Silver, 1962a) and mammary gland (Cross & Silver, 1962b) , has been confirmed by experiments described in the present paper. We have, therefore, made use of the method to study local and systemic mechanisms, both nervous and humoral in nature, that appear to exercise a regulatory influence on testicular circulation.
MATERIALS AND METHODS

ANIMALS
The animals used for these experiments comprised thirteen adult male cross¬ bred rabbits weighing between 2-4 and 3-5 kg, three yearling Soay rams and two dogs, a 9-month-old crossbred alsatian and a 2-year-old greyhound. All, except for the three sheep, were used in acute experiments. The sheep were kept in a pen at the laboratory and fed on a diet of oats, hay, straw and water ad lib. for 6 weeks during which period observations were made on the testicular oxygen tension of each sheep at fortnightly intervals.
anaesthesia Rabbits were anaesthetized with urethane given as a 20 % aqueous solution in a dose of 1 g/kg, two-thirds of which was injected intravenously and the remainder intraperitoneally. Further intravenous doses were given if necessary during the course of the experiments. When required, thoraco-lumbar spinal anaesthesia was induced by injection of 1 to 1 -5 ml 2 % Lignocaine hydrochloride (Xylocaine, Duncan & Flockhart Ltd) through the lumbo-sacral space as previously described (Cross, 1958 Cater, 1960, and Cater & Silver, 1961) . In the present application, the recording electrodes were made from straight intestinal needles of austenitic stainless steel, the ends of which were reduced to fine points by electropolishing in 50 % hydrochloric acid. These needles were then insulated with five to six coats of epoxy resin (Araldite 985E, CIBA A.R.L., Duxford, England). The GANG. When the internal spermatic vessels were clamped, the testis oxygen tension was reduced 90 % with no change in epididymal oxygen tension. This experi¬ ment was done after a laparotomy, with the testicle pushed through the inguinal canal into the abdomen and the gubernaculum ruptured. In another animal with the gubernaculum intact, we found that occlusion of the vasal vessels only caused a 42 % drop of oxygen tension in the cauda epididymidis, which suggested to us that some collateral circulation might reach the organ from the cremasteric blood vessels. This suspicion was confirmed when clamp¬ ing the cremasteric vessels resulted in a 20 % fall in epididymal oxygen tension. Post-mortem injection of the cremasteric vessels with india ink confirmed the presence of anastomotic connexions in the gubernaculum between the vasal and cremasteric vascular beds (see also PI. 1, Fig. 1) . In both the sheep and dog, occlusion of the spermatic vessels greatly reduced the testis oxygen tension (65 to 92 %) while much less markedly affecting the oxygen tension of the cauda epididymidis (10 to 35% reduction, Text- fig. 4 ). In these species, vasal occlusion alone did not greatly depress oxygen tension in either testis or epididymis (<29%), suggesting that a fairly efficient collateral supply from the spermatic or cremasteric vessels was available. Fig. 3 (Cross & Glover, 1958; Cross, 1959 
Effect of endogenous and exogenous adrenaline
In earlier plethysmographic experiments in rabbits, doses of 0-5 to 10 v~g adrenaline given intravenously were found to produce definite vasoconstriction in the testicle (Cross, 1955) . In the present work, we studied the effect of similar doses of adrenaline on testicular oxygen tension in seven rabbits, two sheep and one dog. A small but consistent depression of testis oxygen tension was seen in all species. In the rabbit, given a dose of 5 µg adrenaline, the reduction of oxygen tension varied from 9 to 44% and the mean was 21 %. The latency of the response was 15 to 20 sec and the duration 1 to 3 min (Text- fig. 8 ). A comparable reduction occurred in the testis of the sheep and dog following intravenous injection of 10 to 20 \ig adrenaline. Recordings of oxygen tension in the cauda epididymidis indicated that in all three species adrenaline also evoked a diminution of oxygen tension in this organ though the effect was more variable than that in the testis.
In it Text- fig. 10 . Effect of electrical stimulation of the sympathetic area of the hypothalamus on testis oxygen tension (PO2) in the rabbit before and after section of hypogastric nerves and bilateral adrenalectomy.
DISCUSSION
The three major determinants of tissue oxygen tension are the oxygen satura¬ tion of the blood, the rate of blood flow in the capillaries and the rate of oxygen uptake by the cells (Kety, 1957 (Text- fig. 8 ). Thirdly, the effect of oxygen uptake is reflected in the rapid fall of testis oxygen tension following occlusion of the internal spermatic artery (Text-fig. 3 ). For practical purposes, under normal conditions of respiration, we may regard short-term changes in oxygen tension recorded from our electrodes as indicative of fluctuations in capillary circulation. This is well shown in Text- fig. 4 , which illustrates the comparable depressions of oxygen tension in the testis of the sheep produced by three entirely different stimuli, namely amyl nitrite inhalation, stimulation of the posterior mesenteric ganglion and occlusion of the internal spermatic blood vessels. The only feature these stimuli had in common was their ability, by quite dissimilar means, greatly to reduce the flow of blood through the testis.
A discovery of some interest was the regular difference in the resting level of oxygen tension between the testis and cauda epididymidis in the rabbit, sheep and dog. The observation is reminiscent of our findings of oxygen-tension variations in brain tissue where nuclear regions displayed much higher levels than white matter (Cross & Silver, 1962a) . In the latter case, the obvious explanation was the greater capillary density in the nuclei as compared with the relatively avascular nerve tracts, a conclusion that is further supported by work on regional differences in blood flow in the brain with an auto-radiographic technique (Sokoloff, 1961 (Dahl & Herrick, 1959) and pressure (Waites & Moule, 1960) exchange between the arteries and veins within the plexus, and there seems no reason why some degree of gaseous exchange should not also occur, with a consequent lowering of oxygen saturation in the arterial blood reaching the testis. It should prove a fairly simple matter to decide experimentally which of these possibilities is nearest the truth.
It is customary to regard the scrotum as performing an important thermoregulatory function necessary for the maintenance of optimal conditions in the testis for spermatogenesis (see Bishop & Walton, 1960) . Some authorities suggest that the failure of spermatogenesis in the cryptorchid or heated testis is due to a vascular stagnation with consequential anoxia (Moore, 1924; Harrison, 1956 Harrison, 1954a, b) , guinea-pig (Harris & Harrison, 1955) and mouse (Payne, 1955) , or decapitation of epididymal spermatozoa in rats (Chang, 1943) ; while our brief warming stimulus could not be expected to reproduce even the transitory sperm damage seen in rams after scrotal insulation for 24 hr (Glover, 1955) and certainly not the complete failure of spermatogenesis occurring after 2 weeks of scrotal insulation (Phillips & McKenzie, 1934 (Cross & Glover, 1958) . In other experiments in rabbits (Cross & Silver, 1962c) , we have found that both these pathways are indeed activated by certain homoral stimuli to the brain, namely hypoxia and hypercapnia, with a resultant vaso¬ constriction and reduced oxygen tension in the testis. Moreover, bilateral hypothalamic lesions diminsh the effect of these stimuli, so it appears that sympathetic areas of the hypothalamus are an important component of the mechanism. It seems justifiable to infer from these results that, despite the unusual nature of its circulation, the testicle has no special immunity from the demands of cardio-vascular homeostasis. We might expect this hypothalamic mechanism to operate under conditions of natural or simulated high altitude so as to divert blood from less essential organs to the brain and heart, and it is of interest, therefore, that these conditions have been shown to exert a deleteri¬ ous effect on sperm production in rabbits (Walton & Uruski, 1946) . A possible pharmacological parallel with the foregoing situation might be the reported disruption of spermatogenesis resulting from large doses of adrenaline (VanDemark & Boyd, 1956) , although interference other than testicular vaso¬ constriction, e.g. in the pituitary, might play a part here. In this connexion, the effects produced by physiological doses of adrenaline on testicular blood flow, as judged by the 20 % fall in oxygen tension, were small compared to the effects of similar doses in the mammary gland (Cross & Silver, 1961b) . It seems unlikely that so trivial a change, even if prolonged, would result in testicular damage.
